High frequency electrical stimulation (HFS) of the skin induces increased pinprick sensitivity 36 in the surrounding unconditioned skin (secondary hyperalgesia). Moreover, it has been 37 shown that brief high intensity CO2 laser stimuli, activating both Aδ-and C-fiber nociceptors, 38 are perceived as more intense when delivered in the area of secondary hyperalgesia. To 39 investigate the contribution of A-fiber nociceptors to secondary hyperalgesia the present 40 study assessed if the perception and brain responses elicited by low-intensity intra-41 epidermal electrical stimulation (IES), a method preferentially activating Aδ-fiber 42 nociceptors, are increased in the area of secondary hyperalgesia. HFS was delivered to one 43 of the two forearms of seventeen healthy volunteers. Mechanical pinprick stimulation and 44 IES were delivered at both arms before HFS (T0), 20 minutes after HFS (T1) and 45 minutes 45 after HFS (T2). In all participants, HFS induced an increase in pinprick perception at the HFS-46 treated arm, adjacent to the site of HFS. This increase was significant at both T1 and T2. HFS 47
did not affect the percept elicited by IES, but did enhance the magnitude of the N2 wave of 48 IES-evoked brain potentials, both at T1 and at T2. HFS induced a long-lasting enhancement 49 of the N2 wave elicited by IES in the area of secondary hyperalgesia, indicating that HFS 50 enhances the responsiveness of the central nervous system to nociceptive inputs conveyed 51 by AMH-II nociceptors. However, we found no evidence that HFS affects the perception 52 elicited by IES, which may suggest that AMH-II nociceptors do not contribute to HFS-induced 53 secondary hyperalgesia. Cutaneous injury leads to increased pain sensitivity in the area of injury (primary 59 hyperalgesia) as well as the surrounding uninjured skin (secondary hyperalgesia; Hardy et al., 60 1950) . Secondary hyperalgesia can also be induced experimentally by activating nociceptors 61 in an intense fashion, for example by applying high-frequency electrical stimulation (HFS) 62 onto the skin. Indeed, HFS induces a pronounced increase in mechanical pinprick sensitivity, 63 extending well beyond the skin area onto which HFS is applied, and lasting several hours 64 (Klein et al., 2004; Pfau et al., 2011; Henrich et al., 2015; Van den Broeke et al., 2016b) . 65 Whether secondary hyperalgesia evokes increased responses to thermal stimuli remains 66 debated as studies have reported contradicting results. Indeed, whereas some studies report 67 an increase in heat sensitivity in the area of secondary hyperalgesia induced by intradermal 68 capsaicin injection (LaMotte et al., 1991; Serra et al., 1998; Sumikura et al., 2005) other 69 studies do not (Simone et al., 1991; Ali et al., 1996; Geber et al., 2007) . 70 When HFS is used to induce secondary hyperalgesia, Van den Broeke and Mouraux (2014a) 71 have shown that brief CO2 laser stimuli heating the skin above the threshold of heat-72 sensitive Aδ-and C-fiber nociceptors are perceived as more intense when delivered in the 73 area of secondary hyperalgesia (van den Broeke and Mouraux, 2014a). Brief heat stimuli can 74 be expected to preferentially activate quickly-adapting thermonociceptors: A-fiber 75 mechano-heat-nociceptors type II (AMH-II; Treede et al., 1998) and quickly-adapting C-fiber 76 mechano-heat nociceptors (CMH; Meyer and Campbell, 1981; Wooten et al., 2014) , and the 77 increased heat perception following HFS could be explained by an enhancement of the 78 responses elicited by activation of these afferents. 79 4 It has been shown that intra-epidermal electrical stimulation (IES) using a needle electrode 80 applied against the skin can elicit responses that are exclusively related to the activation of 81 Aδ-fiber nociceptors, provided that low stimulation intensities are used to avoid co-82 activation of low-threshold mechanoreceptors located more deeply in the skin. Indeed, 83 Mouraux et al. (2010) showed that the perception and event-related brain potentials (ERPs) 84 elicited by IES delivered at twice the absolute detection threshold are abolished in skin pre-85 treated with topical capsaicin to induce a reversible denervation of free nerve endings 86 expressing the TRPV-1 receptor in the epidermal layer of the skin, while the perception and 87 ERPs elicited by conventional transcutaneous electrical stimulation are preserved. Second, 88 they showed that IES does not elicit neither perception nor measurable brain responses 89 when the stimuli are delivered during an A-fiber nerve conduction block, suggesting that C-90 fibers, which are unaffected by the block, do not significantly contribute to the responses 91 elicited by IES. Based on these results, it has been suggested that the responses elicited by 92 low-intensity IES are mainly related to the activation of capsaicin-sensitive Aδ-fiber 93 nociceptors, which includes the AMH type II (Mouraux et al. 2010; Liang et al., 2016 The design of the experiment is summarized in Figure 1 Ambu A/S, Denmark) that was attached to the dorsum of the arm. The intensity of HFS was 127 individually adjusted to 20 times the detection threshold to a single electrical pulse delivered 128 using a DS5 constant-current stimulator (Digitimer, UK). The thresholds were determined 129 using an automatic staircase procedure: stimuli were initially delivered at an intensity of 100 130 μA and increasing in 50 μA steps until the stimulus was perceived by the subject, signalled by 131 pushing a button as fast as possible (within a time window of 1.6 s). Afterwards, the intensity 132 was decreased in steps of 10 μA until the stimulus was no longer detected. Then, the 133 intensity was increased in steps of 10 μA until the stimulus was detected again. Three 134 ascending and three descending staircases were applied, and the detection threshold was 135 defined as the average intensity of the last two peaks and troughs. The inter-stimulus 136 interval was random between 5-8 s. To assess the changes in the intensity of the percept elicited by IES, participants were asked 165 to rate directly after each block of thirty stimuli the intensity on the same NRS that was used 166 to rate the mechanical pinprick stimuli. The detection threshold to a single pulse of HFS was 170 ±50 µA (Min: 75 μA, Max: 260 μA). 215 The detection thresholds to a double pulse of IES were 69 ±25 μA (Min: 37.5 μA, Max: 113 216 10 μA) for the control arm and 83 ±35 μA (Min: 40 μA, Max: 155 μA) for the HFS arm. This 217 difference was not significant (t (16) = 2.058, p = 0.0562). 218 219 3.2 Reaction times and detection rates. 220 Average reaction times to IES before and after applying HFS (T0, T1 and T2) at both arms are 221 depicted in Figure 2 . For two subjects, the reaction times at T1 for the control side were not 222 saved due to technical problems, whereas one subject did not detect any of the IES stimuli 223 delivered at the HFS arm at T2. The ANOVA performed on the reaction times of the 224 remaining 14 participants did not reveal a significant main effect of time (F-(2,26) = 1.813, p 225 = 0.183, partial η 2 = 0.122), main effect of arm (F-(1,13) = 0.022, p = 0.885, partial η 2 = 0.002) 226 or time x arm interaction (F G-G -(1.268,16.485) = 0.512, p = 0.527, partial η 2 = 0.038). Figure   227 2C shows the number of IES that were detected at each time-point for each participant and 228 arm. The ANOVA performed on the detection rates of the 15 participants did not reveal a 229 significant main effect of time (F G-G -(1.376,19.266) = 3.336, p = 0.072, partial η 2 = 0.192), or 230 arm (F-(1,14) = 0.943, p = 0.348, partial η 2 = 0.063) or time x arm interaction (F-(2,28) = 231 1.258, p = 0.300, partial η 2 = 0.082). (2,32) = 5.719, p = 0.008, partial η 2 = 0.263), a significant main effect of arm (F-(1,16) = 238 19.367, p < 0.001, partial η 2 = 0.548) and a significant time x arm interaction (F G-G - 239 (1.481,23.698) = 20.744, p < 0.001, partial η 2 = 0.565). The univariate within-subject 240 11 contrasts revealed that the mechanical pinprick ratings were significantly enhanced at the 241 conditioned arm after HFS at T1 (F-(1,16) = 26.986, p < 0.001, partial η 2 = 0.628) and T2 (F- 242 (1,16) = 23.012, p < 0.001, partial η 2 = 0.590). 
Correlation between mechanical pinprick and IES ratings.
254 Figure 5 shows the variation in ratings after HFS respective to baseline and control site for 255 mechanical pinprick stimuli and IES. T1 and T2 post-measurements were merged. Figure 5C   256 shows that there was no linear correlation between the two modalities regarding the 257 increase in ratings after HFS. 258 259 3.4 Event-related brain potentials elicited by IES. 260 The group-level average event-related potentials elicited by IES before (T0) and after 261 applying HFS (T1 and T2), for each arm (control and HFS) are shown in Figure 6B . 262 12 3.4.1 N2 magnitude. 264 The magnitude of the vertex N2 wave elicited by IES delivered to the control and HFS-265 conditioned arm before (T0) and after (T1, T2) conditioning is shown in Figure 7A and Table   266 1. The ANOVA performed on the magnitude of the N2 wave showed no significant main 267 effect of time (F-(2,32) = 2.296, p = 0.117, partial η 2 = 0.125), no significant main effect of 268 arm (F-(1,16) = 0.180, p = 0.677, partial η 2 = 0.011), but a significant time × arm interaction 269 (F-(2,32) = 5.501, p = 0.009, partial η 2 = .256). The univariate within-subject contrasts 270 revealed that the magnitude of the N2 wave was significantly enhanced at the conditioned 271 arm after HFS at T2 (F-(1,16) = 14.323, p = 0.002, partial η 2 = .472) and almost at T1 (F-(1,16) 272 = 4.045, p = 0.061, partial η 2 = .202; Figure 7C ). The two-way repeated measures ANOVA performed on the P2 latency did not reveal a 288 significant main effect of time (F-(2,32) = 1.838, p = 0.175, partial η 2 = 0.103). However, the 289 ANOVA did reveal a significant main effect of arm (F-(1,16) = 10.235, p = 0.006, partial η 2 = 290 0.390), in which P2 latencies for the control arm were, on average, longer than for the HFS 291 arm. No significant time x arm interaction (F-(2,32) = 0.022, p = 0.978, partial η 2 = 0.001) was 292 observed. 293 294
Correlation between mechanical pinprick ratings and N2 wave elicited by IES.
295 Figure 8 shows the lack of correlation between the increase in pinprick ratings and the 296 increase in magnitude of the vertex N2 wave elicited by IES. Several participants failed to detect the IES in more than half of the trials in at least one of 300 the six recording sessions ( Fig. 2C: 8/17 participants) . Therefore, we performed an additional 301 analysis of the N2 wave magnitude taking into account only the participants that detected at 302 least half of the total number of trials in every condition (N=9). In accordance with the main 303 analysis, the ANOVA revealed a significant time x arm interaction (F-(2, 16) = 10.213, p = 304 0.001, partial η 2 = 0.561). The univariate within-subject contrasts revealed that the 305 magnitude of the N2 wave was significantly enhanced at the conditioned arm at both T1 (F- 306 (1, 8) = 13.785, p = 0.006, partial η 2 = 0.633) and T2 (F-(1, 8) = 13.125, p = 0.007, partial η 2 = 307 0.621). The N2 magnitude of each time-point (T0, T1 and T2) and arm (control and HFS) are 308 shown in Figure 7B . The group-level ERPs are shown in Figure S1 injection, they found that the percept elicited by IES was increased in "responders" (N=6), 324 whereas it was decreased in "non-responders" (N=6). Their results suggested a relationship 325 between the amount of pinprick hypersensitivity and the changes in the perception of IES. In 326 the present study, although we recruited a larger number of participants (n=17), we did not 327 observe such a relationship. Despite the fact that all our participants exhibited an increase in 328 pinprick sensitivity after HFS, i.e. all were "responders", there was no significant increase in 
